Conventional imaging of stroke was mainly dependent on computed tomography (CT), which included noncontrast imaging that assessed the ASPECTS (Alberta Stroke Program Early CT Score), contrast CT angiography, and CT perfusion. Though these techniques continue to be the mainstay in stroke imaging, there are certain disadvantages such as high radiation dose and need of contrast administration. Further, interpretation of the images can be difficult and, at times, impossible if the patient becomes noncooperative during the contrast study. Considering these issues, there is a need for an alternative imaging technique that gives the same information without contrast administration or radiation. Magnetic resonance imaging (MRI) sequences that include diffusion imaging, noncontrast perfusion arterial spin labeling (ASL) can probably have a distinct advantage. We present the successful use of ASL perfusion imaging in selecting patients for mechanical thrombectomy and the outcome.
Introduction
Conventional imaging of stroke was mainly dependent on computed tomography (CT), which included noncontrast imaging that assessed the ASPECTS (Alberta Stroke Program Early CT Score), contrast CT angiography, and CT perfusion. Though these techniques continue to be the mainstay in stroke imaging, there are certain disadvantages such as high radiation dose and need of contrast administration. Further, interpretation of the images can be difficult and, at times, impossible if the patient becomes noncooperative during the contrast study. Considering these issues, there is a need for an alternative imaging technique that gives the same information without contrast administration or radiation. Magnetic resonance imaging (MRI) sequences that include diffusion imaging, noncontrast perfusion arterial spin labeling (ASL) can probably have a distinct advantage. We present the successful use of ASL perfusion imaging in selecting patients for mechanical thrombectomy and the outcome.
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Abstract
Presence of ischemic penumbra is the principal factor that decides the need for mechanical thrombectomy in acute stroke patients with large vessel occlusion. Our objective was to evaluate the usefulness of arterial spin labeling (ASL) in detecting diffusion perfusion mismatch and directing patients into mechanical thrombectomy. We retrospectively studied all patients with acute nonhemorrhagic stroke in the anterior circulation, who had undergone stroke imaging with ASL followed by mechanical thrombectomy from July 2016 to November 2016. Area of diffusion perfusion mismatch was graded semiquantitatively into three grades: small, medium, and large. Mismatch was compared with 30-day modified Rankin scale (mRS) score. Interpretable PASL-perfusion images were obtained in all patients. Diffusion perfusion mismatches were present in all patients. Out of six patients with good mRS score, five patients had large diffusion perfusion mismatch. Two out of three patients with poor mRS were secondary to failed recanalization, in spite of large mismatch. One out of nine patients had poor outcome as well as a small area of mismatch. ASL is a rapid noninvasive imaging technique in acute stroke that has got the potential to detect ischemic penumbra.
Background
Current treatment protocol for nonhemorrhagic stroke advocates intravenous thrombolysis with tPA (tissue plasminogen activator) if the patient comes within window period of 3 hours (class 1 recommendation) 1 and can be extended to 4.5 hours with some precautions. If there is a large vessel occlusion in CT angiography with at least 50% or more cortical vessels seen retrogradely filling via collaterals or magnetic resonance angiography with large diffusion-perfusion mismatch, the patient will benefit from mechanical thrombectomy-the window period for mechanical thrombectomy can go up to 6 hours, according to recent trials.
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Following an acute infarct, the volume of the viable tissue, which carries a high risk of ischemia termed the "ischemic penumbra," determines the benefit of reperfusion. Ischemic penumbra is the tissue that is still structurally intact (not infarcted) and hence viable but electrically dysfunctional due to ischemia. This area of the brain can be salvaged if we intervene and reperfuse within the window period. The penumbra is the salvageable area of the ischaemic brain. It is evaluated by performing a diffusion scan which shows the irreversibly damaged tissue and a perfusion scan which shows the threatened but not dead brain parenchyma. The difference between the two is termed perfusion deficit (termed as "diffusion-perfusion mismatch") indicates ischemic penumbra. 4 However, MRI may not be freely available; further, at times performing an MRI may be impractical, and if we need to depend solely on CT for acute stroke imaging, the ASPECTS score and CT angiogram source images 5 can give an estimate of the area already infarcted-similar to MR DWI. Collateral score predicts the ischemic penumbra and final infarct volume. The collateral score is measured in multiphase CT angiography, by comparing the retrograde filling of the cortical arteries on the side of large vessel occlusion with similar arteries in the opposite unaffected hemisphere. It is graded from 0 (no collateral supply) to 3 (complete collateral supply). Grade 1 denotes collaterals filling 50% but > 0% of the occluded vessel territory. A score 2 indicates collaterals > 50% but < 100% of the occluded vessel territory. A score 3 is given for 100% collateral supply.
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Poor collateral score carries a major risk for developing a near-complete vascular territory infarct. In other words, when the CT angiogram collaterals are good, the area of infarct will be less even if the territory is not reperfused. Souza et al 7 reported a negative correlation between collateral score and volume of DWI infarct core. In short, a good collateral score is equivalent to a large ischemic penumbra. CT perfusion also has the capability of demonstrating penumbra. However, it has not gained widespread acceptance in the management of stroke. The major drawback to CT angiogram and perfusion includes ionizing radiation and the possibility of completely losing all diagnostic quality images if the patient becomes noncooperative during the examination. Variability in the accuracy and reliability of perfusion CT, due to different methods used for postprocessing to derive at infarct core and penumbra, is yet another drawback.
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The primary goal of perfusion imaging in acute stroke is to identify tissue that can be salvaged with appropriate therapy and also to decide the lack of benefit if a patient with no mismatch is treated.
Magnetic Resonance Perfusion Imaging
Perfusion imaging is usually done with contrast. However, current MRI machines offer diagnostic quality noncontrast techniques for perfusion. Different MRI techniques are available for cerebral perfusion measurements in routine clinical practice.
DSC (dynamic susceptibility contrast) MRI 2. DCE (dynamic contrast enhanced) MRI 3. ASL (arterial spin labeling)-noncontrast technique
Contrast-enhanced dynamic susceptibility (DSC) T2 Ã -weighted technique is the conventional technique. Approximately 20 mL of gadolinium is injected at 4 to 6 mL/s. and an echo planar sequence is used to acquire whole-brain coverage with ! 12 slices during a 90-to 120-second acquisition time. A nonlinear signal loss will be produced by the flow of paramagnetic contrast agent through the cerebral circulation due to the contrast susceptibility or T2 Ã effect. Tissue signal changes produced by this T2 Ã effect are used to create the time-to-signal intensity curve. Color-or intensity-coded hemodynamic maps can be generated from either raw data or processed data.
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Dynamic contrast-enhanced MRI is the other exogenous contrast-based method. DCE-MRI uses rapid and repeated T1-weighted images to measure the signal changes induced by the paramagnetic tracer in the tissue as a function of time.
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ASL technique is a technique that does not require a contrast agent but rather utilizes the spins of endogenous water protons as a tracer. Thus endogenous arterial water is electromagnetically labeled and used as a freely diffusible tracer.
There are three broad types of labeling methods for ASL:
In PASL, the application of a short radiofrequency pulse, tags arterial blood flowing upstream by inverting the spin polarity of protons flowing into the imaging plane. Another technique known as the CASL method utilizes a continuous radiofrequency (RF) of weak intensity to label blood upstream of the slice. In pCASL, the third technique, continuous labeling is achieved by a train of rapidly repeating low-tip RF pulses and alternating sign (bipolar) magnetic field gradients.
General advantages of ASL techniques include the ability to assess the entire brain, lack of radiation, and avoidance of contrast with ASL as well as the detailed information provided when combined with other MRI modalities such as DWI and magnetic resonance angiography. We can repeat the study even if the patient moves during the procedure, as there is no contrast involved such as CT The drawbacks to perfusion MRI currently include lack of quantitative measurements, marginally longer examination time compared with CT, decreased sensitivity to hemorrhages, and its limitation in patients with a contraindication to magnetic fields.
Patients and Methods

Patient Population
We retrospectively studied all patients with acute nonhemorrhagic stroke in the anterior circulation, who had undergone stroke imaging with ASL followed by mechanical thrombectomy from July 2016 to November 2016.
Exclusion criteria included hemorrhagic stroke, patients with ischemic stroke who had not undergone mechanical thrombectomy, all posterior circulation stroke, and patients who had undergone mechanical thrombectomy without MRI to reasons such as contraindication for MRI or medically unstable patients.
NIHSS (National Institute of Health Stroke Scale) at admission and 30-day modified Rankin scale (mRS) were measured in all patients.
Our institute's stroke protocol contains CT imaging of the brain to rule out intracerebral hemorrhage. Ischemic stroke patients within a window period 6 hours will be subjected to immediate MRI. The magnetic resonance protocol includes four sequences: DWI, perfusion imaging using ASL, noncontrast time-of-flight (ToF) angiogram of the brain, and susceptibilityweighted imaging (SWI). Visual inspection for large vessel occlusion, perfusion deficits, and perfusion-diffusion mismatches was performed. Mismatch was graded as large, medium, and small. If the diffusion-restricted area represents < 25%, of the area of perfusion deficit, it is considered as large mismatch. If the diffusion-restricted area measures 25 to 50% and > 50% of perfusion deficit, mismatch is considered medium and small, respectively. All patients with a large ischemic penumbra (diffusion perfusion mismatch) were considered candidates for mechanical thrombectomy.
Arterial Spin Labeling Protocol
ASL was performed in all patients with a Siemens 3T machine (MAGNETOM Skyra, Siemens Healthcare, Erlangen, Germany) using the pulsed technique. Total acquisition time was 3 minutes 5 seconds.
The protocol used was FAIR Q2TIPS labeling, TR 5,000 milliseconds, TE 15.72 milliseconds, slice thickness 4 mm, distance factor 50%, flip angle 180 degrees; 32 slices, 256 mm FOV, base resolution 64, phase resolution 98.
Results
Nine patients (eight males and one female) of anterior circulation stroke underwent magnetic resonance perfusion imaging followed by mechanical thrombectomy. The patients' age ranged from 40 to 64 years (median age: 51 years). NIHSS score ranged from 7 to 24 with a median score of 17.
Interpretable PASL-perfusion images were obtained in all patients. Significant perfusion-diffusion mismatches were present in all patients.
Five out of nine patients (►Figs. 1-3) had isolated M1 segment occlusion, and out of these, three had successful recanalization. In two patients, middle cerebral artery (MCA) recanalization was not achieved, out of whom one had an underlying stenosis of M1 segment with an evidence of old infarct on CT. Two of the nine cases had internal carotid artery (cervical segment) occlusion at the origin with associated occlusion in M1 segment. Both the patients had successful recanalization with simultaneous stenting of carotid artery. One patient had dissection of cervical segment of internal carotid artery along with M1 segment occlusion. He required stenting of proximal internal carotid artery with recanalization of MCA. The last case had stenosis of internal carotid artery with M1 segment occlusion. This patient did not require a stent because the response to angioplasty was adequate. The M1 segment was treated by suction thrombectomy.
Thirty-day mRS scores were as follows: one patient had a poor score of 4 (patient with underlying stenosis in first part of MCA that did not open after three attempts of mechanical thrombectomy); a score of 3 was noted in two patients, out of these, one patient had a small diffusion-perfusion mismatch and the other had a large mismatch with M1 occlusion, which could not be recanalized; and mRS score of 0 to 2 (functional independence) was achieved in six patients, and five of these patients showed large diffusion perfusion mismatch (►Table 1).
Discussion
The aim of stroke therapy revolves around salvaging ischemic tissue before they get infarcted. Tissue that has been permanently damaged cannot be revived. Current imaging strategies are directed toward finding out the volume of tissue that is permanently damaged vis-a-vis the volume that is ischemic. Detecting the presence of a diffusion-perfusion mismatch in acute stroke with large vessel occlusion is very important as these are the patients who will benefit from mechanical thrombectomy and their outcome in terms of mRS score will be better. Currently, CT perfusion or contrast magnetic resonance perfusion are considered the gold standard in showing ischemic penumbra. Noncontrast magnetic resonance techniques have got inherent disadvantages and were considered less useful. However, current sequences on 3T systems are consistently able to reproduce excellent quality perfusion images using ASL technique.
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Noncontrast magnetic resonance perfusion studies in all our patients were of good interpretable quality, and the final outcome in all of them corresponded closely to the expected 14, 15 This study demonstrates that ASL is successful in demonstrating the ischemic penumbra. In our study, 66.6% (six out of nine) of our patients had functional independence as shown by mRS score of 0 to 2. Out of these, five patients (83%) had large diffusion-perfusion mismatch. A poor mRS score was noted in one patient with small ischemic penumbra demonstrated by ASL. Two patients had poor outcome in spite of large ischemic penumbra but only due to failure to achieve recanalization of the occluded vessel.
Further, PASL perfusion imaging provides rapid noninvasive multislice imaging in acute ischemic stroke, as the study takes approximately 3 minutes and can be easily repeated because there is no contrast if patients' motion resulted in poor-quality images, whereas in CT angiography, repeating the study will involve an additional 40 to 60 mL contrast and additional radiation. In elderly patients, large volumes of contrast can be detrimental especially because additional contrast will be required during endovascular procedure. Further in emergency situation, renal function is never tested and a patient with low glomerular filtration rate (GFR) could end up with further deterioration in renal function.
The total time for the current MRI protocol is 12 minutes that included DWI, ASL, FLAIR (fluid-attenuated inversion recovery), and cerebral and neck vessel angiogram, which gives a complete anatomy and perfusion dynamics of stroke. The main disadvantage of MRI is its nonavailability and the lack of arterial spin labeling in most currently available machines because this is a new software. However, all newgeneration MRIs have the capability of performing arterial spin labeling.
Limitations of the Study
The major limitation is the small size of the study population; further, it is not a case-control study. Considering that all patients were cases of acute stroke in which speed was crucial to salvage the brain, ASL was not compared with another control such as CT perfusion/angiography or magnetic resonance contrast perfusion.
Conclusion
ASL is a rapid noninvasive imaging technique in acute stroke that can consistently demonstrate the penumbra when combined with diffusion imaging. Thus it has the potential to replace CT perfusion in the current guidelines for stroke. However, further studies are required to validate its role as the first line imaging for stroke therapy. When combined with other sequence, MRI could be the one-stop imaging solution for stroke assessment.
